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Abatract 
!his report deals with a series of tests which were conducted on 
T&rious valve models in order to determine which valve configurations 
produced unstable flow conditions. The existence of such unstable 
conditions was already knot-m from the reports of previous papers and 
from difficulties experienced with certain valves previously in 
- operation. Through the use of transparent models it was possible to 
observe the flow pattern in the valve housing during the teating. lrom 
such observations it was seen that the: formation and movement of a 
vortex, in the valve housing, significantly contributed to the magnitude 
of the pressure fluctuations. 
In general the tea ts produced the resul. ts predicted 1n the 
Russian reference. However, unlike the Russian paper, the flow instabilit7 
was seen to increase and then decline rather than continually increase 
as the ratio of the valve housing diameter to discharg-e diameter was 
increased. The test results have been correlated and presented in the 
form of graphs of the magnitude of the pressure fluctuations vs. 
dimensionless valve lift • 
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Introduction 
'J'b1 a inTeatigation stems :from the failure ot ateaa control ftlTea 
which were subjected to fatigue loads due to unsteady flow conditions 
in the valve housings. A better 11nderstanding of this flow. being of 
concer.11 both in America and abroad, was the subject of two investigationa 
performed at about the same time. The first, 11as conducted in Russia, 
using both a water table analogy and models of act11al steam ,ra,lves [ 1 J. 
I 
!he second w.s done at the Large Steam Turbine-Generator Department of 
General Electric [2]. The experimental part of the latter was carried 
out using a model of a steam valve built in such a vay that the flow 
pattern couJ.d be seen through an observation window. 
The Russian investigations on the water table shoved that a 
vortex formed in the flow field, and it was felt that this vortex and 
its movement in the valve housing caused the flow instabilities and 
resulting pressure fluctuations. At General Electric the air test 
results also indicated similarly large pressure fluctuations, but due 
to the fact that air was the fluid being utilized, the 1ln4eratanding ot 
the flow pattern was incomplete. 
!he object of this thesis was to design, build and test a piece of 
equipment with which it might be possible to observe the aforementioned 
flow pattern and any associated pressure fluctuations. It differs from 
the water table analogy conducted by the Russians in that it makes use 
of a closed channel which elimiJJB,ted the free surface that occurs on 
' 
a water table~ The teats also differ from the ones performed at 
General Electric, as well as those carried ·out on the valve models in 
Bussia, in that water was used as the working fluid rather than air or 
steam. !rhe use of water as the test fluid considerably reduced the 
-2-
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problem of observing the fiov pattern. It might also be noted that 
although the use of an incompressible fluid does have its limitations, 
they are not serious because in the fully opened position the flow 
eveeywhere in the valve is well subsonic [2J • 
The main part of this paper is divided into four sections. The 
discussions in the first section briefly cover the work already done 
in this field by other investigators. It is hoped that by discussing 
these earlier publications the relevance and place of this thesis in 
the continuing study of the problem will be appreciated. The next 
section deals with the equipment used in the investigation as well as 
the reason for the particular design that was chosen. The third section. 
reports on the findings and observations ma.de as a result of these 
investigations. It is in turn followed by a series of graphs, illustrations 
and pictures. 
·-
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Previous In.Teatigat1ona 
!he first of the investigators was v.v. Xamirin Whose report 
appeared in the Russian journal WEnergomashinostroyenye" in 1959. In 
this paper the results of a series of tests conducted on various valves 
were presented. The data obtained along with the information gathered 
b7 observing the water table enabled a fairly comprehensive picture of 
the instabilities to be obtained. 
As a measure of the relative ins•bility of the various valves a 
~· 1 flov instabili t;r coefficient• f was introduced where f = ~ , 
Y1°J. 
Dk Using j as the ordinate and a ratio of phJ'aicaJ. dimensions - as the 
Dr 
abscissa a graph of the flow instabili t7 coefficient j as a function of 
valve housillg design was compiled. 
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lig. 1 Schematic view of a "t'alve Widely used in the Soviet Union. f 1] 
1 - valve housing; 2- wire mesh; J- distributing rib; 4- valve sea\; 5- intake pipe; 6- valve stem. 
. !he following graphs show the previousl7 mentioned fluctu\.iona ot 
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Of the four curves corresponding to the ratio tP = 1.05 three rep'reaent 
D r 
k 
the relation between j and D when the valve is slightly modified, while 
r 
curve 1 represents the relationship for an 11nmodified valve. Similarly, 
1 
curves 5 and 6 represent the change inf on modified valves while curve 
7 represents the change for an 11naltered valve housing in which there is 
11.nlimi ted expansion at the exi te From the preceding graphs it can be 
seen that by appropriate modifications the flow instabilities of a 
particular valve can be conside~blJ reduced. 
Die 
Curve 1, which represents the variation of j as a function of D , 
r 
has two distinct branches. The upper one shows the change in the 
coefficient j when a vortex was present in the valve housing, whereas 
the lower branch sho,,a the variation in the coefficient j when there 
was no vorte2: present in the valve housing. Curve 2 shows the chai,ge in 
' I 
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the coefficient j for the same valve modified b7 the addition of a Vire 
meah. This mesh was in the form of a right circular cylinder placed 
concentrically with the valve stem and having a diameter De equal to 
1.8 Dr• Curve J represents the same valve with a distributing rib in.aeriecl 
Dl,c 
in ito FinallYo CU!'Ve 4 gives the relationship between J' and D for a 
r 
valv:e with both a distributing rib and wire mesh installed. Curve 6 
. 
represents the same valve as curve 7 modified by inserting a distribut-
ing rib while curve S represents the characteristics of an 11nmodified 
valve exiting into a narrow discharge tube. 
The second report to appear on the subject was vri tten by J .A. 
OWczarek in 19&>. The purpose of hie tests was to determine the reason.a 
for valve failure, to look for ways of increasing flow stability, and 
ultimtely, to develop a valve which \~rouJ.d be free of instabilities. 
In this report the first modification which proved successful in 
reducing flow disttu-ba.nces was the redesign of the valve seat. "The 
modified seat was characterized by the fact that it had a conical 
inlet section having an included angle of fJJ 0 and a cylindrical throat 
sectiono" [ 2] Further increases in flow stability were realized with the 
additi.on of a horizontal dam Just upstrea"11 from the valve seat. Thia 
dam, which appears semi-circular in a top view, was very effective in 
eliminating the Uback flo1.-1 11 or reverse flow in the valve seat. The third 
modification was the adoption of a vertical dam downstream of valve disk 
. 
which was similiar to the distributing rib employed in the tests conducted 
b7 the Russians. As in those testso the addition of a vertical dam resulted 
in a marked reduction in the pressure fluctuations. 
Much of tl1e information gathered during the experiment appears ei the:r 
1n tabulated or graphical form. Because of the large number of charts and 
graphs presented in this report no attempt is 1184a to describe them here • 
• 
!he Equipment 
In order to obtain the stable, metastable, and, finally, unstable 
regions shown in Fig. 2 it was necessary to design a test model in 
which certain parts could be easily changed. With reference to l'ig. 2 
mentioned in the preceping section, this experiment 'Was concerned 
. 
D 
with valve housings having a ratio of ~ = 1.85. On this chart, it 
r 
Dk 
can also be seen that for - = J.O, the value of J' was found to be Dr 
Dk 
relatively low, while at - = 4.o the values of y are in general Dr 
undefined. Hovever, the latter point seems to mark the area in which J' 
D 
begins its rapid increase. Vhen the ratio of j reaches 5.0 the values 
r 
off are quite high indicating an unstable condition. In obtaining 
these conditions in the experiment, Die, the valve housing diameter, 
was kept constant while the values of Dr and D..,_ were allowed to varr• D D ,P 
Since only the ratios ~ and ..ll were given in the Russian reference Dr Dr 
JIB.DY different size models all having the proper ~tioa ar~ possible. 
•. 
lrom the viewpoint of flow rate and ease of observation it -was decided 
to fix DJt at '7•5" • By fixing~ the values of Dr are automa.tically 
. Dk 
fixed according to the predetermined condition that - = J.o, 4.o and. 
Dr 
5.0. From this first condition equation,the three corresponding -values 
of Dr are 2.50n, 1.88" and 1 • .50u, respectively. • 
S~uce the intake of 
cll"Cular,the question of 
the test model is rectangular rather than 
D 
interpreting the meaning of -t:' arose. 
r 
~'I-
D 
Whereas in the Russian paper ~ was the ra. tio of the intake pipe 
r 
diameter to the discharge pipe diameter,the rectangularly shaped 
intake in the experiment precluded any such meaning. The decision 
n 
was made to interpret the ratio ~P as a ratio of b;vdra.ulic diaa,tera 
r 
where the b;vdraulic diameter 
A • cross sectional area 
c = the wetted perimeter 
It can be seen that by using this definition the hydraulic diameter of 
2 
a cylindrical pipe of diameter d is equal to d, where A= 4 and 
C = ffll.. 
!he need to maintain the ratio of {p = 1.85 necessitated the 
r 
ability to change 12,-p whenever Dr was changed. The change in Dr was 
easily accomplished by using interchangeable valve seats of appropriate 
diameter. The change in D?-P was made through the use of fillers. These 
fillers, which are also interchangeable, are placed slightly upstream 
of the discharge and are used to constrict the intake in varying 
degrees. Because the channel was at all times kept at some constant 
height h, the constriction tra.s performed by varying only the intake 
width b. With the three equations available 
~ ir: = 3.0. 4.o, 5.0 
l' 
(1) 
(2) 
(3) 
_, 
~. 
1 · 
a relationship between the three easily controlled quantities h. b, 
a.nd D,-.p was developedo As was mentioned earlier the q1Ja.ntity »-,..p is 
being considered as the h1drauJ.ic diameter of the intake. Therefore 
J) :: 4A - 4bh 
'YP C - 2(b + h) 
~= 2bh 
b+h 
b(D - 2h) = - D h rp ,-p 
D h 
n b=---- (4) 
2h - D tP 
1rom the last equation it is seen that in the region where 2h ~ D ;-p 
the value of b is very sensitive to the value of ~p and that b could 
easily take on a negative value. In order to av~id this, a solution 
mat be found such that 2h - D?"'P > o. Also to assure that the solution 
' is practical, the value of \p should be on the order of 2h - ~p· 
Another condition placed upon the system is that when Dr = 1. asn, 
b = h. !he reason for this restriction is to enable the cross sectional area 
of the intake to remain·as closa ... to_ squar~ as possible. It was felt that a 
situation in t1hich b>>h or h>>b would result in velocity profiles at 
the intake which were much different than those found in actual steam 
'111,lvea. 
With the new condition that b = h when Dr = 1.88•, equation 4 
re4ucea to 
,, 
·' 
,i·-. i' .. 
/, 
• 
\ 
2h-D =D 
,p n, 
h=~ 
when D = 1.88• D ~ 3.48• 
r ~P 
therefore h = 3.48• and b = J.48• 
It vaa this value of h which was used in the design of the valw 
housing and that was held constant throughout the tests. With h now 
determined and the values of ~·P already calculated from the corres-
ponding values of Dr• the other two values of b can be calculated. 
Dk 
~or w- = J.O, D = 4.64 and b = 6.97• . 
"r 't'P 
With the value of b being 6.97n th1a meant that the fillers would 
' 
be called upon to block up an area J.48° high and o.53u wideo Since 
there are two symmetrical fillers on either side of the inlet, this 
would result in the fillers being approx:Jmately 0.27 11 thick. Because 
of the expense in making two such fillers along with their inherent 
tragili ty it tras decided to do without them. In eliminating them the 
ratio of \P was increased from 1.85 to 1.94. However, since this 
r 
. 
approximation occurs in the region that is m:pected to be stable, it 
\ ' ~ 
was not considered to be a serious limitation. ror --= 5.0, Dr 
D,p = 2.78 and b = 2.32•. This value of b indicates that in this oaae 
..-the fillers must be constru.cted so as to constrict the now from a 
' . 
7.50n wide channel to a 2.3211 .wide channel. 
The valve housing was teated both with and w1'11ou.t fillera, and in 
..10-
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reporting the reaulta, the notation: fillers 1, 2 and 3 vaa appl1e4 
in order of increasing flow constriction. It should be noted that 
filler 1 corresponds to the condition in which no fillers were used, 
1.e. b = 7.5n. Accompanying the three differentl7 sized valve seats 
there are three different valve disks referred to as valve disks 1, 
2 and 3 in order of increasing diameter. !he valve disks are all 
constru.cted of varnished maple wood to resist swelling while submerged 
in the water. All the valve disks were drilled and .tapped to accept a 
1 n - 16 IC threaded rod. It n.s b7' means of this rod that the val Viii 
weN adjusted from a fully opened to a fully closed position.. ,l• ., ,. 
The plexiglass portion of the equipment can be divided into three 
main pieces. Two of these are similar and consist of rectangular 
conduits open at both ends and measuring 25.75"% a.on% 3.98•. The 
first of these sections contains a diffuser while the second section, 
called the channel, hold.I, the fillers when they are in use as well ae 
containing pressure taptJ and ink injectors. The purpose of the diffuser 
is to take water from a 3" diameter pipe and gradually expand it until 
it fills the 7.5n x 3.48a channel cross section. lDDnediately downstream 
of the diffuser a wire mesh was inserted to help in smoothing out the 
flow. The third major piece is the valve housing which is capable of 
accepting all three valve disks, their respective seats, and containa 
provisions for injecting ink:. 
!he water that was used was nppl1ed bJ' a SS-gallon conatant-head 
tank that was equipped to maintain an1 one of four heads which were 
15.4•. 2.3°, 2'lc411 and J2ca5" and referred to as heads 1, 2, 3 and 4 
reapectivel7. After passing throu.&b the teat model the water vaa 
.. u-
collected in a weighilag tank fro• which it could be d.11c~ged into a 
drain • 
.Al thau&h C\1.ff8B 1, 2, ) and 4 of fig. 2 were presented in the 
preceding section,no further mention of them has been made. There 
are three reasons why they were not included in this experiment. The 
first is that it would require discharge diameters greater than the 
) 1 diameter intake which is the largest feasible intake available. 
D 
Secondly, if Die was to be held a.t 7 .. 511 the ratio of ~p = 1 .. 05 necessitated 
r 
the use of fillers that ~1ould constrict the flow to a greater degree 
than any of the fillers previously mentioned, i.e. (1, 2 or J). T~e 
idea of reducing the hydraulic diameter of the intake by decreasing 
both the height and width was considered and then discounted. The 
reason is that it was felt the introduction of four fillers, two to 
decrease the width and two to decrease the height,· would considerably 
increase the assembly problems. The third reason was, that the JtBXimum 
value of .f obtained by curves 1. 2, 3 and 4 is only about 26 per cent 
of the maxinn1m value shown in curves 5, 6 and 7. Therefore, for these 
reasons, this ratio was not included in the testing. 
• 
lleaulta 
!hrau&hout the course of testing three baaic tn,ea of now occurred 
in the valve housingo The first of these to be reported on occurred in 
• 
moat all of the more stable tests. This particular flow was characterized 
by the fact that,upon entering the valve housing,it divided into two 
streams. In the stable case the flow met on the downstream side of the 
'9&lve disk in the fom of two vortices which were partially separated 
by a region of arrested flow. A sketch .of this flow pattern is given in 
Jig. 3. in which the dotted region represents this area. 
J'illers 
Throat 
Jig. 3 Sketch of the Stable Jlov Pattern 
Talve 
Housing 
With the aid of light, reflecting off of the small· air bubbles at 
• the center of the vort8%, it was possible to obtain pictures of the 
vortices shown in the sketch. In addition, it was found that the 
visibility of ~he vortex was greatly increased if the vortex was 
allowed to draw air into it~ center. Jor this reason a free surface 
was allowed to form on the water and 11nder these condi tiona a few 
more pictures were obtained ( see Fi.go ? ) • 
Although this basic form usually persisted in the atable case, 
1acreases in the flow rate caused by larger w.lva openings usuallJ" 
.... -1)-
., 
• 
resulted in one of the Tortieea increasing in both size and strength. 
-.or the purpose of illustration let it be assumed that the vortex on 
the right side of the valve housing increased in strength. As it grew. 
1 t began to move toward the other vortex, causing that vortex to grow 
still smallero In the stable case, the larger vortex began to lose 
strength as it moved up alongside of the valve disk and continued to 
dissipate until it was finally pushed back to its starting position 
behind the valve stemo In the same ma.n:nero the pattern could again 
develop, or a similar situation in which the vortex on the left side 
of the valve housing dominated could also develop. If, instead of 
weakening, the vortex increased in strength as it moved up adjacent 
to the valve disk, another basic flow pattern would develop. 
In the second distinct flo\i' pattern ,1hich appeared, the flow 
circulated around the valve stem in a clockwise Jll8.Dner. It is this 
condition, shown in Fig. 4. that resulted in the largest flow instabilities. 
.. 
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Jlig. 4 Sketch of the Clockwise J'lov Pattern 
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As was mentioned earlier, it vaa possible tor thia pattern to 
develop from the previously-mentioned stable condition, or it was 
possible for it to form as a result of the initial flow pattern 
established while filling the channel. If it formed from the relativel.7 
stable pattern, its development was not apparent until the vortex 
shown in Fig. 4 reached a position about 45 degrees from the axial 
center line of the channel. At this point, for the instable condition, 
the vortex began to move faster than it did in the stable case. As 
the vortex continued to move up alongside of the valve disk the flow 
attempting to pass downstream on the left side was virtually cut off• 
It was noticed that ,,nder these conditions the intake area was some-
what reduced; i'ig. 4 indicates the nature in which this restriction 
occurred. 
!he second n7 in which the ,instable condition could form was one 
in which the flow from the veey beginning was following, in the clock-
wise direction, the wall of the valve housing downstream of the throat. 
If the flow upon entering the valve housing circulated about the valve 
disk in a clockwise direction,then the unstable condition would almost 
always develop in that particular test. If desired,however, it was 
possible to eliminate the clockwise circulation during a test.by 
closing the valve completely for five to ten minutes. Upon opening the 
valve the possibilities of obtaining counterclockwise flow were about 
equal to those for obtaining clock.wise flow. 
After conducting tests on a number of unstable configurations a 
relationship between the motion of the vortex and the pressure fluctuations 
aeemed to be detectedo It should be remembered that,after attaining the 
position shown in Jig. 4, the vorte:a: b7 no means reDained stationary_ 
-1S-
L I . 
even tho118h the flow pattern remained clock.vise. !he Tortu.- ,ipon 
reaching the position shown in Fig. 4 would first weaken and then be 
swallowed. Subsequently, a new Tortex would form, sometime later, 
doVD.stream of the valve stem. This new vortex would then quickly 
move to the position shown in Fig. 4. It was this phenomenon of 
vortex formation that seemed to be related to the rapid pressure 
fluctuations. As the vortex weakened and was swa.llowed,a corresponding 
decrease in pressure waa noticedo Conversely, the pressure readings 
were seen to increase as the vortex, which formed behind the valve 
stem, quickly moved up into the position recently vacated. A 
characteristic of the pressure fluctuations that was almost always 
noticed was that the pressure drops occurred moi.•e suddenly than did the 
pressure increaseao In fact, on a few occasions, the upper half of 
the colunm of water in the piezometer failed to keep up with the 
rapidly falling lower portion and, as a result, broke up into a series 
of water droplets separated by pockets of airG The unstable flow pattern 
was seen in about a dozen different tests and accounted for all of the 
more unstable conditionso In two of these cases pressure fluctuations 
of 15 centimeters of water were seen, the interesting point being that 
the7 occurred when the total supply head was only 39.1 ems. 
The third basic type of flow to occur was a counterclockwise 
flow through the valve housing. In general two things other than the 
direction of flow distinguished this flow pattern from the clockwise 
' ' 
one. In most cases the pattern did not produce pressure fluctuations 
of as large a ma.gni tude as clockt11iee circulation, and secondly no 
vortices appeared alongside of the valve stem as the7 almost alva71414 
,,-
• 
l· 
rtllera 
Right Side 
Left Side 
nroat 
:fig. S Sketch of the Co,mtel'Clock.viae now Pattern 
Valve 
Housing 
in clockv:lse flow. The differences in the pressure fluctuations are 
moat clearly indicated in the graphs corresponding to test JO, 31 and 
51, 52. In tests JO and 31 the same valve confiil].r&tion was tested 
first with a clockwise,and then with a counterclockwise circulation. 
B7 temporarily inserting obstructions into the flow,it was possible to 
induce the flow to follow either a clockwise or a counterclockwise 
# 
path through the valve housing. Similarl7, tests 50 and 51 were 
conducted on another valve, first vith counterclockwise and then with 
clockwise circulation. It should be mentioned,how~ver, that a few 
cases did arise in which appreciable changes in pressure fluctuations 
did not occur as the flow switched from clockwise to counterclockwise. 
!hese few cases are, however, the same ones in which the vortex, that 
' uauall7 accompanied clockwise circulation, failed to appear. It ia 
felt that the absence of the vortex might account for the smaller 
pressure fluctuations encountered with the clockwise flow. 
In place of the vortex that was anticipated to form with the 
counterclockwise flow,, regj.on of relativel7 low flov velocit7 
• 
~----------------------
• 
4enloped ·( i•e J'ig. S). With the help of an ink it •• po11ible to 
obtain an indication of the fluid's motion within this region. It 
was se'en that the flow tended to oscillate in a horizontal plane with 
displacements of one to two centimeters. Also noticed were pressure 
fluctuations which seemed to correspond. with the oscillations of thia 
region. Movements upstream toward the intake were seen to cause 
increases in pressure while any oscillations in the direction of the 
discharge resulted in pressure drops. 
• I 1.• 
The following chart lists all the different combinatiOJ11 teated 
and indicates whether or not the particular combination was unstable. 
In general,those tests which produced pressure fluctuations in excess 
of twent7 mm. of water were considered to be unstable. 
The graphs which follow are the plots of the pressure fluctuations 
va. dimensionless valve lift for each of the different configurations 
tested. With the aid of a GE 225 computer it vas possible to fit 
curves, b7 the method of least squares to the data gathered and in 
addition determine the eqn. of these curves. The eqn. are given in 
terms of x and y,where x corresponds to the dimensionless valve lift 
L and y represents the pressure fluctuation 6P• In referring to· Dat 
the graphs it should be kept in Id.ml that on 1011e curvea the range of 
values of the ordinate, A p, is from O to 20 •· o~ ntar, while on 
the rest it is from 0-50 mm. of water. 
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